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[^EJe^SlS] 720603-1009917 
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{^±1 si'is eejAi e^2x^onI^M mm 1103^ 

[^211 KR 
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[m^k\m] 1. 2^Ai- SAim(Ee)_ie 
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j 1020010bi25984 2001/6/1 

n>o]^^ x3]^o] ^^^ofl avcfls)^ ^^^^ ^>^sH ^'^•is^ ^lsl7]- 

o] 7llAl^ T^-Vo]^^ pje] on:Eo]]olEi^, 7]^; ^<H£ ^VM- ^l^oj ^^o] ^h]^ 

n ^7] ^A>«-6|1 tfl^SlTll >S-7l 7]^^<^] r^}^S\o] ^^^o] ^ 
71:^<:>11 E^^l cfl-§- <^^^ -^^t}^ ^^1; >^7l 7l:^>^o|l ^fB^l 

cfls. o] ^^^^ ^Hl ^>-^ ^ ^^i^}^ ^ 

^S^<^] J£^s tfl-g-*^ ^^^m ^^1; -^7] ^<Hl '^^^^ s,s.t}3. ^}o]3.s. 

ol^S. olsl, S>aw> ^ JL^E^ 3L^sr>^ ^^^^S. ^cf. 

S. 4 
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o>cil3S. D]Bl 5«:^oilolBl{A micromirror actuator} 

S. 1^ ^^7flfi1 olel7> ti|lEiJ>^; ^Hfl^ «l]<g^ uj-E^-^ S.^, 

£. 3^ £ 2^ n-n 

£. 5^ S. 4^1 IV-IV ^^S., 

£ 6a tfl^l £ 6g^ ^ ^^^1 ^^Alc^joj] p>o]a.s. ^^di]o]B\S^ ?^]^ 

£. 7a ^ £ 7b^ ^ ^^l-^lofl n^^- ^V^l^S t^]^] <^^o\]o]b\o] ;^]^ 

£ 8a i^^l 3E 8c^ S. 4^ V-V «J-^<^1'H «>2l-^ ^-¥-<Hl ^ ^^^] vc^^ r2}o]3. 

100... 7]:^ 110...M^^1 

112.153...*]-^ 113, 152... 

115... ^1^1 i^M 120...n>o|^^ D]s] 

120a . . . 120b . . . 
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130.151...^Vi^l 135...^^ 
140... 7]:^ 145...M^^1 cfl-g- 

155,156...5l^5f^ 157...^^^ 

<17> ^ ^}o]3.S. 'M^d^o]^ ^ ZL ;*)l2:Wj-i^o11 ^.^S., ^■^ ti\o]3. 

S. aVtflS)^ ^>^e><:«i pH^S nlel7> ^^^'^^S] ^1 

<18> ■aaV^^o.s. ^^^^1^ M^7> ^^>S^B1 ^7\-S. ^^S\ 

^ ^^<HlcilEKlO)7> 2^>^^ i^m^^; ^Efl^ wfl^SlJl. ^3^olwl(43)oflA^ uf 

^ TiSl ^cH;c^ tifl^l^ n>ol3S te(45)* 7]^ ^^%0_s. ^^^t^. 

<=>] ^^^^ ^^^S. SJ^ pH^S i^ls1(3i)» 'a^Vsl^^l ^A].^ # 

1-0171- p>ol^s. ^^(46)» ^s^^ ^3X|.o]tH(48)S. ^^^cf. ^. 

^^^^1^ 7l^(15)<^l tflsn ^^l^S. 3}^^ pM^S. olBl(3ia)(31b)(31c)(31d)ofl 
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^ 9XS.^ sl^l 9X^. 1^ 4<i(31a). 2^ 3l(31b), 3^ l<i 

(31c) ^ 41^ 2^(31d)2l p>olH.^ cleU- 7l:^(15)<8l i:flSfl ^^.9.^ M]^JL p> 
OlaS PlBlfe ^5g0.5. 0.^]S]£S. ^i-c^ ^*>^ ^4^^ ^ ^ci-. 

<19> ;£ 2^ ^Bfl^ <^1-§-^ n>ol^S t^l 5] ofl^o,! o] eKIO^I 4. 7] ^(15)>S-'^1 

m^^](5)7> ^^^5]^. ^7] :e^^i(5)o^ oj:^oii ^1^1 i^:§.(20)7V $Zi=1-. zl 

ElJl, ^1-71 5L:^iE(20)<^l S^w].(25)7> pq^]5\jL ^7] £>5dwK25)<^l ^foj^.^ 

t^lsl(30)7> ^^7>^«>7ll €^slo1 o;itq-. >a-7l t^H^S. T^l&|(30)^ ^^^Efl^ tifl >a- 
7] :£^wl-(25)» ^^^S. ^7] E^^i(5)oii cfl^sV^ ^-^^(30a)5q- ^^-^l ^-^-^(30a) 

<20> £ 3^ £ 2^ n-n^ ^^S., ^7] S^^1(5)<^1^ w>^^<^l ^ 

-¥- €^(37)ol <a^^ofl ^^(40)01 z^-z^- ^al5l<H ^^-^l ^-^^(SOa)^^-^ >S-:^^-g- 

^tb ^^^011 ^>olss t^l5^(30)» ^-^Aj^cf. tzl-A] ^§1-13, >a-7l €^ 

(37)3il- ^^^(30a) ^}o]<>]] ^^^o] 2)--g-*>a^ >a-7l t3>o1^s. Dle1(30)7> o>sfl^^ 
S. <Hi:^^3^ sl^t!- ^<^^ ^7] ^^^(30ai)S>\. ^7] ^^(40) A>olo)l ;g 

^^o] 3]-g-3r><:>^ <a^aio.s. S)-^^o.s-«l 2]^*>7fl ^cf. ^7l o>ol3S. c)e1(30)^ £ 

^71 £'aw]-(25)^ ^\o]3.S. ^]^(30)7} v^BflS 

<2i> <^7i«HiAi >a-7i dh^s ^1151(30)011^ ^^^o] ^-§-5)^ ^^1^-^ 
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S. ^}^^o] 9X'=>] ^^U-<^1 917}^^ ^7] ^^-^(30a)5q- s:>:^ ^^(37) ^ ^^(40) 
l^'?]: <^}^^ ^7] aVA>«-(30b)sq- €^(37) ^ ^^(40) Aj-oloflA^s. 

^^^o] ^^^z^, wi.A>«.(30b)sq- ^^(40) ^ *]-^ €^(37) Afolo^ 7le|7> 

^(30a)i4 ^^(40) 5^ €#(37) AV«^1s^ Tlsljacf ^^1^ ^7] 7m(15)<^l ^ 

e^^ 71:^5. ^^^^ -B-€#<^] ^7l:e.q- <i til] oi>^ «>AV:^ 

(30b)i4 €#(40) ^ «>-^ €#(37) A>olo^ ^i-xg-^l 3.7]] 

i^el-^i, ^^-^(30a)sq- €#(40) ^ €#(37) ^^^^ fi 

olel- ^Vji ^7] ti].A>«-(30b)5!l- #^ €#(40) ^ €#(37) ^€^^ f2e1- 

t}^ ^7] v}o]3.S. olei(30)# ^-i-^l^l^c-ll 7l<:^srl-^ ^€^ f3^ (fl-f2)7> 

^, 1^7] vi\o]3,s. i:'ls1(30)7> ^^^(30a)<Hl ^^Sl^cll oXo]^,^^ ^7] «Va> 

-^(30b)^ €#(40) ^ €#(37)4^ >a-^2]-§-o)l S]tb ^€^^ ti>ol^S. ^] 
si (30)21 €^1^^ ^«J-*j=^^ ^-§-^Ml 51 cH ^7] ^-^-^(30a)«^l ^tb 

#7H>711 SlJL, ^7l «VA>-^(30b)«^l 2]t!: ^cfl ^€^-2.^ 9in ^}o]3.S. ^]B\(30)7} 

^^^>7]1 ^2\0_S. ^l^^m ^^1 &^1€^1 

^ ^^-^ ^7]^ ^;^1€^ «fl^«>7l ^*V«:«^ ^-^5., ^MHS. nl5lS] ^^g- 

^^ ^i«fl*>^ ^€^01 €#* ^^^^s 

711 ^^51^ I'M^S- f]Sl# ^^i-^ ^ SX^^ ^ vi}o]3.S. T^l&l ^#<HlolEll. ^HI^S]- 
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^; §>i4 o].^o^ ^^o] ^a]^ M^^l; ^7] <y:^oi] p>^^ 

<25> ^7] ^V^^l «VAV:^fi^- ^^^^^ ^^^^ ^^^S. 

<26> Ht!:. ^71 r,}o]3.S. ^]^^, ^^7] a]:A>-^o^ ^-^ofl ^igol ^a^s)<H ^ 

<27> >^7lt!: ^^^^>7l ^^H. ^ ^^^1 ci^^6]]o]B\ ^]2i^ 

7]^c>\] E^^i tfl^ ^A^*>^ ^7] 7l^>a-<^ ^^^4 ^^^^ ^> 

* ^^^n^ ^y] M^^i >s-7i 7]^si ^o\] ^}^] ^A^^m 

^7] E^^ll- 7l^ ^#^<H1 ±^ ^^S. S.i*>^ ^ir^l; 

u>ol^S clBl. ^ JL^S* ^A^3^>^ i^^V^ ^^1-^^ tl:^. 
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<28> S.JES^>^ ^^loll'^i. ^7] 7l:^^o)] ^^t[jL 

<29> sl'^f^* iE.i«|-^ ^^^loll^i. 7l:^>a-«^l ;^113L£S11^1^E» 

7l:^>a-<^1 ;«fl25.s.5ll^l>i:E^ JE.5.*>^ if-«>^ 

<30> ^7] £i^>^ ^^l^^l^i/^M E^^i tfl^ cg^o] ^^^^^ 

<32> 4 ^ £ 5* ^S^V^, ^ ^^oll vc\-M, v}o]3,s. nl&l 6n;e.o)] olE^fe 7)^(100) 

^. 71^(100)^011 ^^^^ :^^^1 (110)^1-. ^71 E^^i(iio)o^ ojr^oi] ^>a^ tt-^^ ^1 

^1 JL^E(ii5)<4, ^^(cl£Al)o.s.«-E^o^ ^l-Af SE^ :f-4Al7l3£^ 2l-i-7>^ 

*>7ll ^ P>ol3S. Dl si (120)121-, ^7l ^1^1 i£>iE(ll5)ofl o^^ y^]:<]S\jL 4>7l n>ol^^ 

^lal(i20)l- ^^^^^ sl^Ai?l:£^ s^Hl-( 125)5!!-. >8-7l ^l-oi^^ t^lel(i20) 

7> ^^^E)l<a i4| ^7] v'yo]3,^ olsl(l20)^ <^-f-«Hl cfl^slTll afl^l^ ^Hl :5i^(130)^ 
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S^^l(110)<^lfe ^7] p>ol3.^ 1^1 el (120)* ^-S-Al7l7l ^t!: s>i4 
^^o] T^V^^cf. .^l^cfl, ^7] ^o]s. *>i4 o]^^^ S^^l(llO)^ w> 

^^'^l «^>^ €^(112)0], ^^^ofl ^^(113)<il i^'V^^ ^ pVoI 

ol&|(120)^ 3^-S-7]-^*>7fl ^o] $X^n ^^^n'U 7l^O.S. 

^71 ^^(112)ofl cfl^J^s)^ ^o1] ^^^(120a)5q-. ^^^1- «]:A>Al7l^ tiVA> 

^(120b)^ oj^cf. >^7l p>ol^s Tile1(i20)^ ^-ils* ^A>Al^l^ ^ 

31- ^AHl s]c>l o;icf. rc|-e1-Al. '^■71 ^^^(120a)^ 

^7] ^^(112)3|-2l ^^^^^1 ^>^5Al7lJl, ojo]] ^^^o] Xj-^^l- 

<^ ^7l ^^-^(120a)7]- ^j-7l t}^ ^^(112)^^^ ^o] ^T^^cf. ZLE^^H ^y] ^}o] 
nl5l(i20)7> >S-7l S>aw>(l25)« ^^^t^. ^^^-^S. ^7] ^ 

^^(120a)S+ ^7] ^^(113)^^ ^^3h-§-o11 o^gfl 5l^Sl<H ^7] r>}o]3.S. 

nlBKl20)7> 3]^S>7fl ^4. 

^7] ^}o]3.S. i^l&|(120)^ ^7] ^^-^(120a)^ #ol7l ^«fl ^71 

^^-^(120a)5q- ^A>-^(i20b)7> alcfl^lo.^ ^^^^1^ ^o] n}^z\^x:^^ ^ .i£ 40)1 
€ ^<^1 -^-71 ^-^-^(120a)^ LaSl- ^fJl ^V^>-^(120b)^ ^o]* Lb^f ^ 

^. ^7l ^^^(120a)^ ^<^l(La)« ^A>«-(i20b)2l ^ol(Lb):B.c)- ^Tfl ^^^tlrcf. aft 
. ^7] ^-^-?-(120a)^ Wa^l- ^A>«-(i20b)Sl WbSf ^ «fl -^-71 ^^^^ 

#(Wa)ol ^^V-^Sl ^(Wb)-liCi- 3.711 ^A^SlS^ ^V^. o]^7]] #0.5.^ >^7] dVoIsS- 

cl el (120)7)- 51-^^ nfl ^1-71 ^^-^(120a)sl s\^^^B.S.3.^ ^<a-^ ^'-^^m 

^ Si^l-. SE^. >S-7l ^^-^(120a)^ ^<^l(La)# ^>^>-¥-(120b)^ ^^l(Lb):ac|- #7ll ^ 
^^^^S. ^tfl >a-7l ^■i-^(120a)sl- «>Al-^(120b)7V 0]=^ >^7lsl. 
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^<^] ^(Wa)(Wb)* 2:^*V<^ ^ 9X^. 

<35> t!-^, ^7] ^}o]3.S. ti]Sl(120)7l- ^71 E ^^1(110)^1 ^^ofl ^7] ^ 

^^(120a)7]- ^^Sl^>«>i ^]^]S\o] :^^^7\] -R-:^1*>711 o]^o] ojcf. 

<36> >^7l ^^(130)^ ^^-71 T3>ol3S. XJ]^(120)7} 7l§O.S >a-7l 

a]:Al-^(120b)<Hl tii\n i^^S]^ 7l:a-(100)>a-<^l ^tij^^-. ^. ^7] ^Hl ^^(130)^ -g" 
7l .^^V-^(120b)i4 ^J-71 ^1--^ ^^(112) SE^ ^^(113)3]-^ A]-o]oil ^^^o] 

<37> ^<^]S- ^V^l ^^(130)011 ^7] ^^^il20h)Si\- -i-^^^ol ^oj-^ 7^ 

*M ^71 «>A>«-(i20b)S+^ ^>ololl ^^<?l^ol ^ ^ o^tcf. nl-el-A-l, 

^7l «]:A>-^(i20b)S|- ^7] ^^(113) £^ ^^(112)3)-^ ^^31-§-<Hl sit!: ^ 

ifl ^^n^S. ^7l ^^^(120a)sq- ^^(113) ^ ^^(112) Afolo^ ^ 

<38> ' Cl^<^l. ^7l Ole1(120)^ ^^S^ ^^lofl ^^^^ ^cflSlfe ^ 

'S^^ *>7l ^tl: ^^(135)* ^^^^}^ ^<=>] ^7] ^^(135)^ ^ 

7] ^^(i3o)<^i ^^*] ^Mt}^] **>^ ^^^^ ^^5* ^^i^^s>H ^7] 

^^^(120a)^ ^-g-^* ^tfl^^^. ^7] ^^(135)^ ^7] ^Hl ^^(130)011 
^^^o] ^V^sl^l «^^oi ^x\c^ ^y] ^^^(120a)<Hl 2]% ^>gofl^ 

^^(113) ^1-^ ^^(112) AVolo] >^V^3|-g-oil 2]^ :^^^^o] ^Hl ^^(130) 

•HI Si SB ^V^sl^l ^J-71 ^^^(120a)2l ^^^oil tflSll ^tfls ^-g-*m 
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^4-7> ^ 9X^. ^o] ^7] wVAV-^C 120b) oil ^^(130)<H1 Sl«fl ^> 

^t}jL ^:^^o] ^^S^^ ±^^^o]] ^^(135)^ ^^^s:H 

<39> SEtb, ^^(135)^ ^7] ^A>«. (120b) oil >H ^^^71- ^A>£|^ o. ^olv} 

*oii ^A^5i<H<^> tbcf. oi^Tii ti--^^**] ^71 ^>3^i ^^(i30)«^i rn^^s. ^ 

^^(120a)2l ^^d^ofl ttVcflsl^ ^^7l «J-^l*>Jl, ^7l ^^(135)011 t:^^- 

s.^^^s. ^ ^7i ^^-^(i20a)^ ^^71^^ jLif^-o^ ^:a.^32i- 

el ^^*>7ll pV«^1^S. olel(l20)^ ^ 9X^. 

<40> Cf-g-o. ^ ^rgofl ttj-^ P>ola.S Plsl onEo|]c]Eio) ^l^wj-^^ofl cfl^fl >^Afl^l 

<4i> £ 6a ^ £ 6b<^l S.Al^ i3l-<4 :y-ol 7l^(140)^«Hl JE.S.^l^li!;S(143)l- S.S.^}JL, 

A>^A^zl-^^ofl o^^ E^^] cfl-g- 311^(145)^ ^Ajtb cl-^ ^7l 5L£ell;^l^S(143)» 

^iTlttt^. <^7lA-l, ^7l 71:^(140)011 iS^ll^l >iE (143)^ ii3^>7l ^^ll ^^^(olS^l 
)^ ^ Si^l-. 

<42> ZlBlJl, IE 6c^ ^O] ^7] ^^^] tfl-g- 541^(145)^ S.^^ ^7] 71:^(140) 

^<S^(147)2f ^^n^(i50)^ ^aj-tb ^ £ 6doll ^o] A>^Aiz|-g-;^^ oj-g. 

t}c^ ^#(151). ^q-(152) ^ ^^(153)* ^71 ^Hl 

(151)^ ^7l ^^(152) ^ *1-^ ^^(153)4^ '^><^H1 ^*>^1 ^^^^1 

51^1 ^^(151)ol ^A^^ <^^o] ;g^].<:^ ^El'^^Ho]: ^cf. 

^^7] ^Hl ^^(151). ^^(152) ^ ^1-^ ^^(153)l-ol ^oj] ^^Bi-(ol£ 

^Ai-^i=l-. ^ ^ofl =^^lo^ 5l>«#* Si^cf. 
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-H-7l^Hi55)ofl 7HH el-T^li'il'^l^-i- 6f)7> i^^tq-. >a-7l 

-^71^(155)^ ^^^l7> ^o)] ^A^^ tiH^s. t^le^sq- ^^4^ T^B]^ 

^ 9X^B.^ ^7] -B-7l^(155)S^ ^Tfl ^<=>1 ^7] -H-7l^(155) 

^ ef^UilolA^tV ^ :?i<i]^z^-^ :f.§>c«^ &7\] ^^(155')^ 

s^A^f^* 4^ £ 7a ^ :£ 7b<Hl S^]^ uysf ^o] 

(151) (152) (153)^ ^<H1 XS5ll^l>!iE(i56)» 2.^^ ^ ojcf. <:>^7lAi, >a-7l iSell^^l^ 
^(156)^ E^^l tfi^ «^^(145)ollAi <^:^ -g-^ #ol^ ^ o;i4. ic)- 

Bl-A^, olsl^ ^^-^ ^<^^^}c^ ^7] iS. 511:^1^1^(156)^ ^^1^^ SS-3Z|-<^ol 71:^ 
(140) S^-a-Cf H^Jl, ^7] SLS.^^]^^^(156m ^■^7]^^]^ l-e^>a 

(Chemical Mechanical Polishing) ^^^^IM- 5LS.511;<1^:e sg^^ «^l-§-*H 

^(156')^ ^ Sicf. ^t}- "J-'^-^-S ^7l 7m^Hl ^ll5£M£ll^l:^iE§ 

^ ^^^^^ S^^l^ ^711 >a-7l S^^lofl cfl-g-Sl^ S£S)l^liS 

^ 91^. ^fl Cf^, -^-7] iSBfl^l^iE ^7J] ol]>^l^].J7, ^7l iSell^l^lE 4^ 

^ i^tP 7l:&>a-*Hl ±^ ^]2^S.^]^]:^^^ 

<5l^4 ^o] ^7] S^>^5^(155')(156')* ^A^tl- ^oll S. 8aofl £.^1^ Hj-fif :g-ol 
^1^1 S^E-§- *(164)^ sfl&l^t!:^. £ 8a vfl^l £. 8c^ £. 4^1 V-V «<J-^ofl>H -g- £ 
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^olcf. o]o]A^^ S. 6f ^ £ 8b<^l 5.^1^ ^^^^-(157)^ ^^^}JL ^^^^ 

* ^^}^ ^}o]3.S. Dle1(160)5q- £^wV(165)* ^M. ^7] xi\o]3,^ 

(160)31 c^^o\] v^^]^ ^^(162)^ J^E^^tl-t:!-. t}-^, >a- 

7l pH^s. t3ls1(160)Sl oVsflofl o;^^ s|>S#(155')(156')^ s\^g^ 
(155')(156')* ^]7]^ nfl ^^^^i ^^^^ ol-g-^ ^ 9X^. 

71 ^}o]3.S. TJ]^o^ ^iflSl^ ^^71^0] 

^-S-^l^l^cfl ^<H^i ^-§-*>^ ^^^-a- al^*>^l p> 
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[^^%- 11 

^0]S. *>l4 O]^^^ ^^O] ^Hl^ E^^l; 

^7] E^^lo]] ^ S-awH ^^^^^ 

^^Ml7l^ ^^V^* ^Wltb n>ol3S njBl; 

21 

^1 l*^«^l ^7] ^Vj^I 

31 

^1 1^ >fl 2«J-<^1 ^<H^i. '^•71 i^Ha.^ ^]^^. 
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4] 

^1-7] E^^]o^ W>r4.,gj4 <^^^cfl Z^-Z^- ^^^S\o] n}o]3. 
[^^^d- 5] 

[^^^d- 6] 

^^■71 ^^-^^ ^c^l ti]:A>:^^ ^jacf 3711 ^^j^l ^1-^ n}o]^s. Pi 

51 ^^oIlojEl. 

71^011 s^^i cfl-g- ^^^^m ^^1; 

-^-71 7l:&^oll ^o^^jq- ^^^^ ^>Blli:llS #^^^>J1 ^1 ^^*><=^ ^^7l 

S^^l lfl-§- '^^oll ^^d^H ^7] E^^l tfl^ «1-ol ^ 

7l 71:^31 S^>a-<=>fl ^^^^V^ ^^1; 

>^7l E^^15 71:^ ^^^«H1 ^^^1^ Z^^}^ ^711; 
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s\^^%- ^ofl ^^e]-* ^S.^JL ^}o]B.S. Dls], S^H> ^^1^1 3.:^-^ cfl-g- 

n}o]3.S. ol&l. S^Wl- ^ ^^^*>fe 

[^^*^ 81 

^1 7*J-<^1 ^<HAi, ^S.^\^ 
91 

^1 9X^M, ^7] sl^S^^ Si^l-^ ^>^l<^l^i. 

^7] 5££eflxl^E sfl^^ ^711 -^l-^i^l-^ ^^1; 

^7] iSefl^l^S 5^^* S.^^ 7]^^c;\] ±^ ^l2iS5fl^1^m» £is^> 

101 

^1 7*J-<H1 ^ol^i. ^7l s)>S^* £5L*V^ ^^l<^1^i, 
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